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GENERAL INTRODUCTION 
In the present, competitive soybean processing industry, there is need for a 
framework for pricing soybeans that ensures maximum returns to the people involved in 
breeding, producing, processing and marketing soybeans. For most part in the history of 
soybean marketing, a commodity price system has been followed. Since the 1920s, the 
soybeans have been processed for protein and oil contents of the seeds. Studies supported by 
American Soybean Association (1990) show variations in protein and oil contents among 
soybean crops grown in different parts in United States. Along with the regional variations, 
the variety of soybean crop also affects the intrinsic properties of seeds. A wide variation in 
protein and oil contents among different soybean varieties is evident from the results of Iowa 
Soybean Yield Test Report (Iowa State University, 1989 and continuing). This plasticity in 
seed composition is problematic since it influences the end quality and use for different end 
users, who might desire for specific product compositions, for instance, higher protein 
amounts. 
Therefore, in this context, the idea of commodity pricing, which is based entirely 
upon the quantity of yield and is not concerned with the intrinsic properties, seems an 
unsuitable method for establishing measures of the end value. The issue of component 
pricing-pricing soybeans on the basis of chemical constituents like protein and oil-is a better 
approach for determining end-use value. 
An increase in interest about the nutritional value of soybean products and market 
development for minor seed constituents is being witnessed. Soybean meal, a rich source of 
protein, represents more than half of the total production of all the protein meals consumed in 
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the livestock industry (Swick, 2001). In the year 2000, the world production of solvent 
extracted soybean meal was estimated to be 114 million metric tonnes, out of a total soybean 
production of 165 million metric tonnes. Soybean seeds contain about 18% oil. More than 
70% of the edible oil in the United States is soybean oil (Martin, 1999). 
Although protein and oil content in soybean seeds are major factors in determining 
the end value, they are not the only intrinsic properties that influence the economic value. 
Enough evidence exists to show that the end use quality of soybeans for the end users like 
livestock feeders goes beyond protein and oil contents to the amino acids and isoflavones 
contents (Soybean Info Source, 2001 a). Not only does soybean meal contain high levels of 
the essential amino acids, the amino acids in soybean meal are highly digestible, which 
results in a protein source that supplies the amino acids necessary for efficient livestock 
production (Soybean info source, 2001 b). This characteristic of soybean meal complements 
cereal grains in meeting the animal's nutrient requirements for economical and efficient 
production. Soybean meal composition, availability and price make it the protein of choice in 
the livestock and poultry rations. The isoflavones content of the soybean meal is also an issue 
of growing importance Experiments conducted to determine the effect of soy isoflavones on 
growth and meat quality ofgrowing-finishing pigs have concluded that the level of soy 
isoflavones in the diets might affect the biological response of the animals (Payne, 2001). 
These studies and results stress the need for restructuring the framework for 
establishing the end use value of processed soybeans, by including factors other than protein 
and oil contents of seeds that might have a significant affect on the end use value. 
The first step in this direction is to improve the methodology for calculating 
processed value to include estimating the amino acid and isoflavones content in processed 
3 
soybeans, based on processing conditions and chemical composition of the raw seeds. 
Several methods and approaches have been devised in the past to account for chemical 
changes in soybeans during processing and solvent extraction. However, these studies have 
focused on changes in protein and oil contents, and are limited as far as other intrinsic 
properties are concerned. 
The purpose of the present study is to account for factors other than protein and oil 
contents that influence the end use of soybeans, and to compare the end use value of 
soybeans on the basis of new quality factors with the present standards for pricing soybeans. 
Dissertation Organization 
This dissertation consists of two papers. These were written in the format required for 
publication by the Journal of the American Oil Chemists's Society (JOACS). The titles of the 
two papers are: "Quantification of soybean meal quality in terms of amino acid 
composition", and "End use value of soybeans in terms of livestock feed". Both the papers 
will be submitted to JAOCS. 
The appendix consists of poultry and swine diets data used for the study. 
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Abstract 
Modern high performance nutrition focuses on sub-unit nutrients in soybean meal, 
like amino acids, isoflavones and carbohydrates. Livestock feeders are interested in amino 
acid contents in soybean meal they purchase. Before purchasing and processing, the soybean 
processors need to rank different lots of soybeans, in terms of nutrient composition of meal 
that can be formulated from each lot. A model is presented that simulates the solvent 
extraction process of soybeans, and estimates the meal and oil composition from different 
soybean lots. Besides the protein and oil composition of meal, the model also estimates 
amino acids, isoflavones and carbohydrates amounts in soybean meal, and fatty acids levels 
in soybean oil. For one set of processing conditions, amino acid levels, as percentages of 
protein, from typical soybeans were more concentrated in meal from lower protein soybeans. 
In terms of lysine (limiting amino acid in swine rations), meals from 31.6% protein soybeans 
and 34.6% soybeans were equivalent. In terms of the sulfur containing amino acids (limiting 
amino acid in poultry rations), meals from the 31.6% soybeans were equivalent to 3 8.0% 
soybeans. 
Introduction 
Component pricing of soybeans is on the increase (Edmiston, 2002). This shift 
requires research in determination of factors and their amounts in the end products, which are 
significant in influencing the end-use value of processed soybeans. 
For most of the part in the history of soybean processing, soybeans have been 
evaluated on the basis of their protein and oil contents. A number of attempts have been 
made in the past towards the measurement of amounts of end products and their intrinsic 
properties. Updaw et al. (1976) developed a model to predict oil and meal quantities from 
raw soybean composition. Linear regression equations were used to estimate the quantities of 
oil and meal from the oil and protein percentages of the soybeans. Once the amount of meal 
was calculated, the protein percentage of the meal was estimated through use of another 
regression equation. This equation used observations of meal including whole bean protein 
and oil content to calculate the percentage of protein content in the non-oil solids. 
The Updaw model does not account for many of the processing operations in solvent 
extraction, the most common process of oil extraction and meal formulation. The model 
neglects dehulling, addition of hulls or mill feed to the meal to control protein content, 
changes in processing efficiency among different plants, or effects of soybean meal 
marketing practices such as a limitation on the meal fiber content. 
Abraham et al. (1988) used a mass balance approach, based on a set of equilibrium 
equations, to model the oil extraction step. This model was developed to aid in equipment 
selection and to be a guide in determining plant operating conditions. Inputs to the model 
included mass flow rates of flakes entering the extraction process, miscella/solids 
equilibrium data, and the number of extraction stages or desired residual oil content in the 
defatted flakes. 
The process of valuing soybeans on the basis of protein and oil content was refined 
by Brumm and Hurburgh (1990). A model was developed to simulate the production 
operations in a soybean solvent extraction plant. The model accommodated for the dehulling 
of soybeans, and also the .addition of hulls back into the meal to regulate the protein and fiber 
percentages. A computer based interface was created that allowed users to account for 
variations in processing conditions and variations in soybean marketing practices, such as 
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limitations on fiber content. The model was essentially a three stage simulation. The first 
stage dehulled the soybeans and prepared them for extraction, the second stage extracted the 
oil, and the third stage formulated the meal into 44% and/or high protein meal, adding back 
the hulls, if necessary. The processed value of soybeans was estimated by the applying the 
market meal and oil prices with the calculated amounts of meal and oil. The model was an 
accurate and flexible approach towards accounting for changes in intrinsic properties of 
soybeans during solvent extraction process, and the estimation of processed value of a given 
lot of soybeans. 
All these attempts to associate end use value to raw soybean composition have been 
based on the protein and oil contents. However, research studies suggest that other factors, 
such as amino acid contents, influence the end use value of soybeans as used in animal feeds 
(Soybean Meal Info Source, August 2001). 
Amino acid contents are the quality characteristics actually sought after in soybean 
meal as feed for the livestock industry, which constitutes the major percentage of soybean 
consumption (Martin, 1999). Soybean meal is traded on the basis of weight, moisture, 
protein, fiber and oil contents. Animal growth however, is more directly related to available 
energy and amino acid levels in soybean meal. A maj or opportunity for increasing the utility 
of soybean meal is the recognition by feed millers of the value of the available nutrient 
content. 
The Iowa State University Grain Quality Laboratory amassed a soybean amino acid 
database of over 600 samples over eight crop years (Hurburgh, 2002). Analysis of this 
database showed that threonine and lysine are strongly correlated with protein (r = 0.87, 
0.94), but TSAR (total sulfur-containing amino acids, methionine + cysteine [cystine]), 
9 
methionine, tryptophan and cystine are less strongly correlated (r = 0.68, 0.73, 0.52, 0.53). 
Analysis of livestock rations based on two amino acids, lysine and TSAR (cysteine [cystine] 
+ methionine) revealed that for swine nutrition (lysine dependent), 32% protein soybeans and 
36% soybeans are equivalent. For poultry nutrition (sulfur amino acid dependent), the 32% 
soybeans were actually superior to all others. Therefore, regions that typically produce low 
protein may not be at the disadvantage now assessed by the market (Brumm and Hurburgh, 
2002). 
An economic pricing model based on amino acid contents in soybean was established 
by Edmiston (2001). A data set was acquired from Iowa Grain Quality Initiative that 
contained protein, oil, fiber and amino acid contents of 268 soybean samples. These samples 
were drawn from at least 22 states and several provinces of Canada. The composition data 
from these samples was used to formulate animal feed diets for 2 species, broiler chickens 
and swine, at varying life cycle stages totaling seven diets. This was accomplished using 
Brill Feed Formulation software (Brill, 2000). The composition data of the 268 soybean 
samples, along with composition data of other feed ingredients (NRC, 1998) were input to 
the Brill program. Diets thus formulated indicated variations in diet costs, which were used 
to estimate the value of soybeans with different composition. A comparison of this pricing 
system with other protein and oil based pricing systems revealed that amino acid based 
pricing system was more accurate and showed a difference in value for essentially all the 
soybean samples. Protein was found to have flaws as a proxy for price signal transmission, 
since a wide variety of protein percentages were observed at equal diet costs. Lysine was 
found to be a better measure of end-use value than protein (Edmiston, 2001). 
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These studies clearly suggest that more factors than just protein and oil should be 
used to evaluate the end-use value of different lots of soybeans. Establishment of an amino 
acid based pricing system also infers the need for tools and technology that can be used to 
predict the variations in the soybean amino acid content, and perhaps other factors of future 
importance, during the solvent extraction process. 
Objectives 
The overall objective was to construct a computer model simulated the production 
operations in a solvent extraction plant, accounting for amino acids, fatty acids, 
carbohydrates and isoflavones. The specific objectives were: (i) to create a mass balance 
model to predict amounts Of amino acids and isoflavones in meal derived, and fatty acids in 
oil extracted, during the solvent extraction process; and (ii) to compare soybean meals 
derived from the model of a set of representative soybean samples. 
Model Development 
Solvent extraction process: 
The solvent extraction process of soybeans is essentially a component separation to 
produce oil and the protein-carbohydrate-fiber meal (Erickson, 1995). A typical solvent 
extraction process constitutes 3 main steps: (i) soybean preparation; (ii) oil extraction; and 
(iii) meal formulation. In preparation step, soybean seeds are cleaned, dried, and cracked. 
The hulls released from the cotyledons during cracking, are removed by aspiration. The 
meats (hull-less soybeans) are conditioned to appropriate temperatures and moisture content 
for subsequent flaking. 
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In the oil extraction step, hexane is used to extract oil from flakes and then reclaimed 
to yield crude soybean oil. Defatted flakes are desolventized, toasted and then cooled. 
In third step, flakes are ground and screened to make soybean meal. Previously 
separated hulls are added back into the meal to adjust the protein and fiber contents, as 
required by the specifications. Remaining hulls can be traded off or can be saved for future 
use. 
Any computation of meal and oil yields in U.S. solvent extraction plants must include 
the effect of National Oil Processors Association soybean trading rules (NOPA, 1997). These 
quality standards allow the establishment of trading rules and adjustments for quality in case 
of disputes involving nutrient concentrations and are the de-facto standards for trading 
soybean products in the United States. They are often recommended with additional quality 
specifications related to color, odor, texture, contaminants, ash levels and protein quality 
characteristics. Key specifications for solvent extracted soybean meal obtained from a bushel 
of raw soybeans are: 
1. Fiber limitation of 7% for 44% protein meal and 3.3 -3 . S % for high-protein (dehulled) 
meal. The discount for exceeding maximum fiber specification is 1 % of the invoice 
price per 0.1%point fiber in excess of specification. A tolerance of 0.3 percentage 
points fiiber is allowed. 
2. The protein discount of 2 times the unit price of protein per 1 %protein below 
minimum specifications. Atolerance of 0.5%points of protein is allowed. 
3. Maximum of 12% moisture in both low and high protein meal. 
These rules limit the amount of hulls that can be added in the meal. 
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Existing model 
The DOS based model, SPROC-2, designed by Brumm and Hurburgh (1990), was a 
logical approach for simulating the production operations in solvent extraction process. 
Material balance equations are used in the model to predict the final yield and composition of 
soybean meal and oil. However, the model doesn't account for variations in amino acid 
composition during the processing operations, nor does it accommodate any other factors 
beyond protein and oil contents. SPROC is now the standard method for calculating soybean 
value by breeders and traders. 
Refined model 
The model developed here (SPROC-3) was based on SPROC-2, but accommodates 
new factors of amino acid, fatty acids and isoflavones contents in soybean. A similar material 
balance approach, for modeling the three stages in solvent extraction, was followed for 
predicting the final yield and composition of soybean meal and oil. Microsoft Visual Basic 
and Excel were used to operationalize the model. A user interface was created to provide the 
user with maximum options and ease of entering and exporting data in a windows 
environment. 
Total weight, protein, oil, fiber, amino acids, fatty acids and isoflavones were 
accounted for internally on adry-matter basis. An input weight basis of 60 lb (one bushel) 
was used. The model was made flexible to accommodate inputs on 13 %, dry matter (0%) or 
"as-is" moisture basis. The NOPA trading rules limit the moisture of soybean meal to 12%. 
The user has the option to input the initial composition data of soybeans for a single sample, 
or for multiple soybean samples through files, either in text or Excel format. 
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The processing variables required for estimating the yield and composition of 
soybean meal and oil are listed in Table 1. The interface accommodates easy entry and 
change in processing variables according to variations in processing conditions. 
For further research in estimating the variations in end use value of raw soybean lots, 
the model is also designed to create data files of composition of meal derived from individual 
soybean samples. These data ~ les can directly be entered into the Brill Feed Formulation 
software (Brill, 2002), for formulating and estimating the cost of various livestock feed 
rations. 
The input variables to the program include raw soybean weight, moisture, and 
chemical composition, processing and pricing variables. Outputs of the model include 
weights of extracted oil and soybean meal, composition of meal and oil. An estimated 
processed value (EPV) of soybeans, in dollars per ton, on the basis of protein and oil contents 
can also be approximated through the model, by using yields and composition of products 
derived from solvent extraction, and their market prices. The EPV of a given lot of soybeans 
can be calculated from the yields of soybean meal, extracted oil and mill run: 
EPV = (Pm)(Wm)/2000 + (Po)(Wo) + (Ph)(Whn)/2000 
Where: EPV = estimated processed value, $/bu, 
Pm = meal price, net after any discounts per trading rules, $/ton, 
Po = oil price, $/lb, 
Ph = hull (mill run) price, $/ton, 
Wm = weight of soybean meal, lb/bu, 
Wo = weight of crude soybean oil, lb/bu, and 
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Whn = net weight of hulls (mill run), lb/bu (can be either positive 
(addition) or negative (removal) 
Figure 1 gives a snapshot of the input screen of the SPROC-3 model, through which 
user enters raw soybean specie cations. Figure 2 is a snapshot of the processing variables 
screen of the model, through which the processing conditions can be specified. 
Case Study Samples 
Ten samples were used to demonstrate the workings of the model. These samples 
were among 52 entries in the 1987 Iowa State Fair Open Market Soybean Class and were 
chosen to represent the typical range of protein and oil contents (Hurburgh et al., 1987). 
There has been a little or no change in the range of composition of soybean over the years, 
although there are year-to-year variations (Brumm and Hurburgh, 2002). As such, the 10 
samples from 1987 Iowa State Fair Open Market Soybean Class can fairly be assumed to be 
a snapshot of soybean raised today. They were also used by Brumm and Hurburgh (1990) to 
demonstrate their SPROC model. A whole soybean fiber content of 4.4% (13%moisture 
basis) was assumed (Pryde, 1980) although the model allows variable fiber inputs. 
Amino acids content of the soybeans were determined using the regression equations 
between protein and amino acids presented by Hurburgh (2002). A database of amino-acid 
levels was collected from samples of 1993-2002 crop soybeans. A profile of 23 amino acids, 
plus oil and protein, were measured by reference chemical methods on each sample. 
Regression analysis of amino acid composition with protein levels of these samples, provided 
regression equations of the form: 
A=r*P+B 
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where: A =amino acid (%), 
r =regression coefficient, 
P =protein percentage in soybean (%), 
B =intercept. 
The amino acid values in the 10 soybean samples, obtained from the regression 
equations, are presented in Table 2. 
In order to determine amino acid composition in soybean hulls, wet chemistry 
analysis was done in Iowa Grain Quality Laboratory, Iowa State University, on hulls 
obtained from six randomly chosen soybean samples from the 2002 American Soybean 
Survey (Brumm and Hurburgh, 2002). The results of the analysis are given in Table 3. The 
dehulling equipment available in pilot plant facility in Food Science Department, Iowa State 
University, Ames, was used to de-hull the soybean samples. The average values of amino 
acids obtained for the six samples were assumed to represent the amino acid composition of 
hulls obtained from the ten samples used in the study. 
Results and Discussion 
Figure 3 is a snapshot of the output screen of the SPROC-3 model, which details the 
end product yields from solvent extraction of a given soybean sample. Figure 4 displays the 
chemical composition of the meal formulated from the soybean sample. 
The results for end-product yields for de-hulled meals with no fiber limitation are 
given in Table 4. Note that sample 1 must be dehulled to achieve higher protein meal, but the 
protein level in raw soybeans for sample 1 was not enough to formulate a 47.5 %protein 
meal. Samples 2 through 10 had enough protein in the whole soybean so that some or all of 
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the previously removed hulls could be added. For samples 9 and 10, filler (mill feed) had to 
be added to the meal, in addition to all the hulls from the lot being processed. 
Table 5 presents the end-product yields for meals with 3.5% fiber limitation. With a 
limitation on fiber content in meal, it became difficult to achieve the desired level of protein. 
Only samples 2 through 4 could produce a 47.5 % meal. For sample 1, the protein level in 
raw soybeans was not enough to achieve 47.5% protein levels in final product, just as with 
no fiber limitation. For samples 5 through 10, protein percentages in raw soybeans were 
enough to meet protein specifications in meal, but the 3.5% fiber limitation restricted any 
further addition of hulls back into the meal to lower the protein levels and the meal protein 
percentage exceeded desired levels of 47.5%. 
The results of Tables 4 and S match the results of the same ten samples obtained 
using the original SPROC-2 model. 
The amino acid composition of meal produced with no fiber limitation, for the ten 
samples is given in Table 6. Amino acids as percentages of protein levels in meals with no 
fiber limitation are presented in Table 7. It was observed that for soybean meals having same 
protein percentages, the composition of some of the amino acids varied. Soybeans from 33% 
to 38%protein can all produce 47.5% protein meal, but with a range of amino acid contents, 
reflecting variability in amino acid to protein ratios. Lower protein would not produce 47.5% 
meal but could yield meal with higher relative amounts of essential amino acids. 
The variability of the amino acid content in the meal for the ten samples is 
summarized in Table 8. In spite of similar meal protein percentages, samples 2 through 10 
showed significant differences in amino acid amounts. For cystine, methionine and 
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tryptophan, the percentage differences between maximum and minimum amounts among the 
ten samples were as high as 14.3, 9.9 and 8.3%respectively. 
Table 6 also displays standard values of amino acids levels in 47.5% protein soybean 
meal, as published by NRC (1998). A wide variation between the published standard values 
and predicted values was observed. 
A comparison of the eve essential amino acids composition in meal for the ten 
samples, with the NRC values for the same amino acids in 47.5 %protein meal is presented 
in Table 9. These eve amino acids are among the important nutrients in livestock and poultry 
diets. These amino acids are cystine, methionine, arginine, tryptophan, lysine and sulfur 
containing amino acid (cystine +methionine). Table 9 gives the percentage differences 
between the calculated amino acid percentages for 10 samples, and the NRC published 
values. For cystine, the maximum percentage difference was as high as 28.57%, and for 
tryptophan, the maximum percentage difference was 14.5%. For the sulfur amino acids 
(cystine +methionine), the percentage difference was as high as 16.3 %. These observations 
suggest an underestimation of cystine and sulfur amino acid values in soybean meal by NRC. 
Tryptophan was overestimated. 
The amino acid composition of meal produced with 3.5% fiber limitation, for the ten 
samples is given in Table-10. It was observed that except cystine and threonine, there was a 
slight, but consistent increase in amino acid amounts in meal with increase in protein levels. 
An interesting observation regarding the equivalence of soybean meals in terms of amino 
acid amounts, but prepared from lots of soybeans with different protein levels was made. For 
swine rations balanced on lysine amounts, 31.6% protein soybeans and 34.6% soybeans were 
found to be equivalent. Also, 3 3.1 %soybeans and 3 5.5 % soybeans were found equivalent in 
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terms of lysine amounts. For poultry rations balanced on sulfur amino acid (cystine + 
methionine) levels, the 31.6% soybeans were equivalent to 3 8.0% soybeans, and were 
actually superior to all others. Therefore, soybeans lower in protein are perhaps undervalued. 
Amino acids as percentages of protein levels in meals with 3.5% fiber limitation are 
presented in Table-11. It was interesting to note that as a percent of the protein, the essential 
amino acids were more concentrated in the lower protein meals. This again stresses the 
underestimation of value of soybean lots with low protein contents, in terms of end-use 
value. 
Summary and Conclusions 
Several conclusions can be drawn: 
1. A soybean processing model was developed that accounted for amino acids, fatty 
acids, carbohydrates and isoflavones. 
2. 31.6 %protein soybeans could not formulate 47.5 %protein meal due to insufficient 
protein levels in raw soybeans. The 3.5% fiber limitation restricted the amounts of 
mill feed added back into soybean meal, and meal formulated from high protein 
soybeans, exceeded 47.5% protein levels. This is in confirmation with research 
findings by Brumm and Hurburgh (1990). 
3. As a percent of protein, amino acids were more concentrated in meals with lower 
protein percentages than higher protein soybeans. 
4. cystine and sulfur amino acid values in soybean meal are underestimated by NRC. 
Tryptophan was found to be overestimated by NRC. 
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5. In terms of lysine content (important for swine rations), meals from 31.6% protein 
soybeans and 34.6% soybeans were equivalent. In terms of the sulfur containing 
amino acids (important for poultry rations), meals from the 31.6% soybeans were 
equivalent to 3 8.0% soybeans. 
Results for amino acid composition in soybean meal, generated by SPROC-3, were 
based on regression equations between protein and amino acids, presented by Hurburgh 
(2002). Though it is possible to judge the accuracy of these predictions within soybean 
composition data available from wet chemistry analysis, it is impossible to know if the 
predictions are accurate for the data set without actual measured amino acid values of 
corresponding soybean meal samples. Similarly, the average hull composition values 
obtained from wet chemistry analysis on six samples cannot be checked for being true 
representative of hulls composition for all soybean varieties. This suggests towards a 
significant room for further research into devising accurate, cheaper and easier techniques of 
determining the chemical composition of soybean seed. 
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Table 1. Variables and processing parameters used in the soybean processing model 
Assumed 
Values for 
System Description Symbol Units example 
Soybean preparation 
Oil extraction 
Meal formulation 
Soyban inputs 
Input weight 
Hull weight 
Percentage removed by dehulling 
Hull moisture 
Hull protein 
Hull oil 
Hull fiber 
Hull amino acids 
Flake weight 
Flake protein 
Flake oil 
Flake fiber 
Flake amino acids 
Flake isoflavones 
Flake carbohydrates 
Wo(a) Ib 60 
Wh Ib - a 
Ph % 10 
Po(h, 1) % 12 
Po(h, 2,) % 12 
Po(h, 5) % 35 
W(b) Ib - a
P(b, 7, i) ppmb _ a 
Oil weight W(o) Ib 
Oil fatty acids P(c, 9, i) %b
Spent flake weight W(c) Ibb
Spent flake protein P(c, 2) %b
Spent flake oil P(c, 3) %b
Spent flake fiber P(c, 5) %b
Spent flake amino acids P(c, 6, i) %b
Hull input weight Wha Ib 
Meal weight W(d) Ib 
Meal moisture P(d, 1) 
Meal protein P(d, 2) 
Meal oil P(d, 3) 
Meal fiber P(d, 5) 
Meal amino acids P(d, 6, i) 
Meal isoflavones P(d, 7, i) Ppm 
Meal carbohydrates P(d, 8, i) 
Net hulls Whn Ib 
a 
a 
a 
a 
0.5 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
Moisture P(a, 1) % variable 
Protein P(a, 2) % variable 
Oil P(a, 3) % variable 
Fiber P(a, 5) % 4.4 
Amino acids P(a, 6, i) % d 
Isoflavones P(a, 7, i) ppm Variable 
Carbohydrates P(a, 8, i) % Variable 
Fatty acids P(a, 9, i) % Variable 
a Calculated in the mass balance 
b Basis 0.0% moisture for calculation purposes only. 
Average hull composition obtained from wet chemistry analysis (Table 3) 
d Amino acid composition of soybeans generated from regression equations presented by 
Hurburgh (2002) 
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Table 3. Amino acid composition of hulls of 6 soybean samples (W/V1l %) 
Sample 1 2 3 4 5 6 Average 
Moisture 12.59 11.56 12.67 12.06 12.27 12.01 12.19 
Aspartic Acid 1.87 1.45 1.39 1.10 2.29 1.97 1.68 
Threonine 0.66 0.54 0.51 0.40 0.79 0.69 0.60 
Serine 0.79 0.70 0.64 0.51 0.89 0.81 0.72 
Glutamic Acid 2.67 1.97 1.89 1.44 3.39 2.87 2.37 
Proline 0.87 0.70 0.68 0.54 1.03 0.86 0.78 
Glycine 1.09 0.96 0.93 0.79 1.16 1.06 1.00 
Alanine 0.75 0.60 0.57 0.46 0.89 0.77 0.67 
Cysteine 0.31 0.27 0.25 0.20 0.38 0.33 0.29 
Valine 0.82 0.61 0.62 0.50 0.96 0.84 0.73 
Methionine 0.25 0.19 0.18 0.14 0.30 0.26 0.22 
Isoleucine 0.74 0.53 0.54 0.43 0.88 0.76 0.65 
Leucine 1.28 0.97 0.94 0.76 1.57 1.36 1.15 
Tyrosine 0.60 0.50 0.48 0.39 0.69 0.62 0.55 
Phenylalanine 0.80 0.60 0.58 0.46 0.96 0.85 0.71 
Histidine 0.47 0.39 0.37 0.29 0.58 0.51 0.44 
Lysine 1.15 0.91 0.86 0.70 1.36 1.19 1.03 
Arginine 1.12 0.82 0.77 0.61 1.40 1.20 0.99 
Tryptophan 0.14 0.11 0.11 0.10 0.17 0.14 0.13 
Source: Iowa Grain Quality Laboratory, Iowa State University, Ames. 
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Table 4. End product yields of de-hulled soybean meal with no fiber limitation 
Soybeansa Soybean mealb
Sample Protein Oil Extracted Weight(Ib/bu Protein Fiber(°/a Net Hulls 
ID (%) (%) Oil (Ibs) ) (%) ) (Ibs) 
1 31.6 20.1 11.7 39.1 46.6 1.44 5.9 
2 33.1 18.9 11.0 40.4 47.5 1.85 5.4 
3 33.9 19.0 11.1 41.8 47.5 3.03 3.9 
4 34.6 18.1 10.5 42.8 47.5 3.28 3.5 
5 34.8 19.1 11.1 43.3 47.5 4.26 2.3 
6 35.5 18.2 10.6 44.3 47.5 4.48 1.9 
7 35.5 17.7 10.3 44.2 47.5 4.12 2.3 
8 36.6 17.5 10.2 46.0 47.5 5.27 0.6 
9 38.0 16.6 9.7 48.2 47.5 6.20 -1.0 
10 38.4 17.4 10.1 49.1 47.5 7.11 -2.4 
a Basis 13.0% moisture b Basis 10.0% moisture 
Table 5. End product yields of soybean meal with 3.5%fiber limitation 
Sample 
ID 
Soybeans a Soybean mealb
Protein 
(%) 
Net hulls 
Extracted Weight Protein remainin 
Oil (%) Oil (Ibs) (Ib/bu) (%) Fiber(%) g (Ibs) 
1 31.6 20.1 11.8 39.1 46.6 1.4 5.9 
2 33.1 18.9 11.0 40.5 47.5 1.3 5.4 
3 33.9 19.0 11.1 41.8 47.5 1.5 3.9 
4 34.6 18.1 10.6 42.8 47.5 1.7 3.5 
5 34.8 19.1 11.2 42.4 48.4 2.7 3.3 
6 35.5 18.2 10.6 43.0 48.6 2.9 3.2 
7 35.5 17.7 10.3 43.4 48.2 2.6 3.2 
8 36.6 17.5 10.2 43.6 49.6 3.5 3.2 
9 38.0 16.6 9.7 44.2 50.7 3.5 3.1 
10 38.4 17.4 10.1 43.6 51.9 3.5 3.1 
a Basis 13.0% moisture b Basis 10.0% moisture 
25 
Ta
bl
e 
6.
 A
m
in
o 
A
ci
d 
co
m
po
si
tio
n 
of
 d
e-
hu
lle
d 
so
yb
ea
n 
m
ea
l w
ith
 n
o 
fib
er
 li
m
ita
tio
n 
(%
) 
M
ea
l a
m
in
o 
ac
id
s b
 
a~ 
v 
H 
.-~ 
Q 
.~ 
A 
J 
.~. 
V 
.-. 
L 
~~ 
~ cMo cNo c~c ~ ~ ~ ~ ~ ~ . . . . . . . . . . 
M M M N N N N ~ O Q! O~ 
~O ~O ~O t0 t0 ~O t~ ~O t0 M O . . . . . . . . . . . 
O O O O O O O O O O O 
~ ~ 00 O ~ M M CO I` CO I` 
~ Cfl CO I` ti  ti  ti  ti  ti  ti  CO 
M M M M M M M M M M M 
M O 'd' M M ~ r O O N N 
N N N N N N N N ~ ~ ~ . . . . . . . . . . . 
M M M M M M M M M M M 
f` 00 00 00 00 I` f` 1` lC) ~' 
M M M M M M M M M M . . . . . . . . . . 
r r ~- ~-- r r r r ~ r 
N 
O d' ~ ~ ~ In ~ ~ 'd' N Cfl 
lf~ t.C) ~ In ~ ~ ~ ~ ~ ~ M 
N CV N N N N N N N N N 
N M M N N N N ~- O DO 
00 00 00 QO 00 00 00 00 I` I` . . . . . . . . . . 
r 
M O 00 00 00 I` I` CO M O M 
00 00 00 00 00 00 00 00 00 00 co 
M M M M M M M M M M M 
O ~ ~- O O O O O CO ~ 
N M M M M M M N N N 
N N N N N N N N N CV 
M 
r 
N 
~ ~ ~' M M M M N r O r 
ti  ti  ~ ti  ti  ti  ti  ti  ti  ti  ~ . . . . . . . . . . . 
O O O O O O O O O O O 
CO 00 I` Cfl CO ~ to to N O I` 
d' ~t ~ ~' ~t ~ ~' 'd' '~t M mot' 
N N N N N N N N N N N 
O C7 00 I` I` t0 O to M N 
Q~ 00 00 00 00 00 00 00 00 00 
O O O O O O O O O O 
~ ~ O~ ~ ~ ~ ~ ON'! ~ O~0 . . . . . . . . . . 
r r r r r r r r r r 
ti
O 
!"' 
C~ L(7 In lf') ltd In ~ In l(') Lf') In 
r ~ ~ ~ ~ ~ ~ O 
M M M M M M M M M M 
~ C 
~ ~~ 
~- N M ~ to CO I` 00 O ~ ~ ~ ~ 
~ O ~ 
~~ 
~ i~~r n 
~O ~O ~ 
~ ~ 
0 0 
O O 
Z ~ O 
~~ ~~ ~ 
~ ~ ~ 
(~ ~ U 
26 
N ~- O ~ t0 ~ t0 ~C C7 a!'1 ti
tt'~ d' M M N N N r O O O~ . . . . . . . . . . . 
M M M M M M M M M M N 
V 
O M r OO DO t0 ~O ~ N N O 
M M M N N N N N N N ~ . . . . . . . . . . . 
Ta
bl
e 
7.
 A
m
in
o 
A
ci
ds
 a
s 
pe
rc
en
ta
ge
 o
f d
e-
hu
lle
d 
m
ea
l p
ro
te
in
 w
ith
 n
o 
fib
er
 li
m
ita
tio
n 
M
ea
l a
m
in
o 
ac
id
sb
 
Q 
~_ 
2 
.~C 
a 
N 
N 
V 
L 
._: 
'"' 
... 
O co ~' oo ~' c0 ao CO oo CO M 
~ CO CO CO CO CO CO CO CO Cfl I` 
ti ti ti ti ti ti ti ti ti ti ti
M N N 1` ~ 1` C7 QO 00 N 1` 
O~ 00 1` to O O M et M M M . . . . . . . . . . . 
O t0 tD t~ ~O ~C Cfl ~C t0 tG t~ 
~ r- CO mot' N O N o0 ~ N M 
~ ~ 00 00 00 a0 00 f` I` I` ~ 
N N N N N N N N N N N 
~O to 00 00 ~' N d' O ~O N I` 
M M N N N N N N ~ ~ C7 . . . . . . . . . . . 
O to O I` ~ M- M QO N O O 
d7 00 ti ti I` ti ti CO CO Cfl CO 
M M M M M M M M M M M 
~ ~ Cfl N CO d' CO In t` ~- ~ 
N ~ O O O O O M ti ti CO 
00 00 00 00 I` 1` I` I` t` I` f` 
~ O O Cfl ~ N N ~ O I` 00 
O 00 00 I` t` I` f` CD ~ ~ d' 
~ mot' ~' ~ ~ d' 'd' ~ ~ d' ~ 
O CO ~ N O O O lf~ M ~-
~ ~ ~ ~ 'd' ~ ~ ~ mot' ~' 
e- r ~- ~- ~- r r ~- ~- r 
O 
~t' 
~-
t` O d' d7 ~ M M ti  ~- Cfl O 
N N ~- O O O O O O DO N 
~ ~ ~ ~ ~ ~ ~ ~ mot' '~' ~ 
M tt'~ ~- C7 1` to 1` r ~O ~ 
O'~ 00 00 1` 1` I` 1` I` t~ ~O 
r ~- r r r r ~- r r ~-
ti
r 
00 r ~ N 00 ~O t~ 07 M O O 
r- ~"~ O O O~ O'! 07 00 00 1` O ■ . . . . . ■ 
~ d' '~fi ~ M M M M M M ~ 
CO In In In t!7 lf') ~ In ~ l(~ 
~ ~ ~ mot' ~f" ~ ~ d' ~ d' 
r ~ ~ ~ ~ ~ ~ O 
M M M M M M M M M M 
~ N M ~ ~ CO t` DO O ~ 
~ _ 
•O •~ Q1 
0 0 ~-,+ 
O O 
Z 
M 
~---1 ~ 
U 
~~ ~~ ~ 
~ ~ ~% 
(a ~ U 
27 
Table 8. Variability in amino acid values for meals formulated with no fiber limitation 
Thr Cys Val Met Ile Leu Tyr Phe His Lys Arg Trp Cys+Met 
AVG 4.06 1.8 5.16 1.53 4.83 8.14 3.82 5.36 2.88 6.75 7.85 1.3 3.33 
MAX 4.13 1.87 5.22 1.56 4.86 8.19 3.85 5.37 2.91 6.84 8.01 1.33 3.43 
MIN 3.98 1.73 5.08 1.48 4.77 8.07 3.77 5.35 2.84 6.62 7.68 1.26 3.22 
Range 0.14 0.14 0.14 0.08 0.09 0.12 0.08 0.02 0.07 0.22 0.33 0.06 0.22 
Table 9. Percentage differences between calculated and NRCb published AA's levels in 
soybean meal 
Cysti n e+ 
Sample ID Cystine Methionine Threonine Lysine Tryptophan Methionine 
1 28.6 4.2 2.6 3.5 -8.7 16.3 
2 25.7 4.2 2.6 3.9 -8.7 14.9 
3 22.9 2.8 1.1 2.2 -10.1 12.8 
4 21.4 1.4 0.5 1.6 -11.6 11.4 
5 20.0 0.0 -0.5 0.6 -11.6 9.9 
6 18.6 0.0 -1.1 0.0 -13.0 9.2 
7 20.0 0.0 -1.1 0.3 -13.0 9.9 
8 15.7 -2.8 -2.6 -1.3 -14.5 6.4 
9 12.9 -4.2 -4.2 -2.9 -15.9 4.3 
10 11.4 -5.6 -5.3 -3.9 -15.9 2.8 
a Percentage Difference = 100% *(Value from SPROC-2 minus NRC value)/(NRC Value) 
b NRC (1998) 
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Abstract 
Livestock feeders are more interested in the amino acid content of soybean meal, a 
major feed ingredient, rather than proximate composition. Lysine is a limiting amino acid in 
commercial swine feed rations, and sulfur amino acids (methionine and cystine) are limiting 
factors in formulating poultry diets. Depending upon their amino acid composition, soybeans 
have different end use values in terms of feed for different animal species. A system is 
presented which estimates the processed value of soybeans on the basis of amino acid 
composition, and end-use value as feed for a particular animal species. Since the new system 
considers the overall composition of soybeans in the context of its final end use, it captured 
the effect of composition of soybeans on end-use value more accurately than other pricing 
systems based on proximate composition. 
Introduction 
Soybean processing uses solvent extraction process almost exclusively (Mustakes, 
1980). Associating the end use value of soybeans to the products derived from soybean seed 
processing has been done in the past. Most of these attempts were based on the protein and 
oil contents in the products as factors determining the end processed value of a given lot of 
raw soybeans. Updaw et al. (1976) set a framework for establishing meal and oil prices by 
using regression equations for determining quantities of meal and oil produced, and the 
percentage of protein in the derived meal. He developed a model using limited material 
balance approach, to predict oil and meal quantities from raw soybean composition. 
Equations generated by linear regression on resulting yields were: 
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01 =-0.62+60.72X; 
Y1 =59.34 -69.0X1
Z1 = -0.1343 + 0.6712 Xl + 1.3202 X~ 
where: 0 1 =pounds of oil obtained from a bushel of soybeans, 
Y1 =pounds of soybean meal obtained from bushel of soybeans, 
Z1 =pounds of protein per pound of meal (decimal percent protein), 
X1 =fraction oil content of whole soybeans, and 
X~ =fraction protein content of whole soybeans. 
The Updaw model does not account for any dehulling, addition of hulls to the de-hulled meal 
to control protein content, changes in processing efficiency among different plants or the 
effect of soybean meal marketing practices. A more logical approach was a material balance 
analysis that allowed inclusion of these factors. 
In 1989, a simple model for calculating the Approximate Processed Value (APV) was 
proposed by Hanson (1989). The model was essentially a simple function of prices and 
soybean chemical characteristics: 
APV= [PoX + (P44/0.44) Y] 
where, APV= Approximate Processed Value in $/ton, 
Po =oil price in dollars per pound, 
P44= 44% protein meal price in dollars per pound, 
X =oil content of soybean sample at 13 %moisture, and 
Y =protein content of soybean sample at 13 %moisture. 
A more detailed approach for valuing soybeans based upon protein and oil content 
was presented by Brumm and Hurburgh (1990). This approach replaced the regression 
37 
equations by material balance equations, and accounted for processing steps such as 
dehulling, addition of hulls to meal and changes in processing efficiencies, which were left 
unaccounted in the previous approaches. Estimated Processed Value (EPV) was calculated 
by associating the market prices to the amounts of meal, extracted oil and mill run-hulls and 
other cleanout remaining after addition into de-hulled meal. 
EPV = (Pm)(Wm)/2000 + (~' o)(Wo) + (Ph)(Whm)/2000 
where, EPV =estimated processed value in dollars per bushel, 
Pm =meal price after trading rule discounts in dollars per ton, 
Po =oil price in dollars per pound, 
Ph =hull price in dollars per ton, 
Wm =weight of meal in pounds per bushel, 
Whm =net mill-run remaining after addition into de-hulled meal 
(lb/bu). 
Whm, the weight of hulls can be either negative or positive for addition or removal. A 
negative value for Whm means that mill feed from other lots could be used, in addition to all 
the hulls from the lot being processed. 
National Oilseed Processors Association (NOPA) trading rules for fiber, fat and 
protein restrictions can be used within Brumm and Hurburgh model. These quality standards 
present trading rules and price adjustments for quality in case of disputes involving nutrient 
concentrations (NOPA, 1997) and are the de-facto standard for trading soybean products. 
NOPA recommends these quality standards to the soybean processors with additional quality 
specifications related to color, odor, texture, contaminants, ash levels and protein quality 
38 
characteristics. Key specifications for solvent extracted soybean meal obtained from a bushel 
of raw soybeans are: 
1. A fiber limitation of 7% for 44% (low) protein meal and 3.3-3.5%for high-protein 
(dehulled) meal. The discount for exceeding maximum fiber specification is 1 % of the 
invoice price per 0.1 percentage point fiber in excess of specification. A tolerance of 
0.3 percentage point fiber is allowed. 
2. A protein discount of two times the unit price of protein per 1 %protein below 
minimum specifications. Atolerance of 0.5 percentage points of protein is allowed. 
3. A maximum of 12% moisture in both low and high protein meal. 
These rules effectively limit the amount of high fiber hulls that can be added in the meal 
because the fiber discount is relatively severe. Complete soybean meal specifications can be 
found in the NOPA trading rules (NOPA, 1997). 
Soybean amino acid considerations were developed by Park and Hurburgh (1998). 
The objectives of their study were (i) to compile a soybean meal quality database, (ii) to 
begin an assessment of amino acid and protein digestibility as related to meal value and 
measurement, and (iii) summarize available data relating meal quality and quantity to 
soybean composition, and project availability of higher quality meals. Amino acid 
composition was presented for soybean meal from several different countries. Soy meal 
protein content was not related to the individual amino acid contents. Assuming that the 
differences in amino acid values within soybean meal were a result of differences in the 
amino acid values within the soybean, the implication was that low protein beans may not 
warrant lower processed values, as prescribed by the protein content. Given that livestock 
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feeders generally value the amino acids in soy meal, and not the protein, meal value should 
depend on the amino acid content and the livestock being fed, not the protein value. 
An economic pricing model based on amino acid contents in soybean was established 
by Edmiston (2002). A database of soybean samples with known amino acid contents was 
used with animal feed diets for two species, broiler chicken and hogs, at varying life cycle 
stages totaling seven diets. This database of soybean samples was taken from Iowa Grain 
Quality Laboratory at Iowa State University. SPROC-2 model, developed by Brumm and 
Hurburgh (1990), was used to estimate the yield and composition (protein and oil %) of meal 
formulated from the soybean samples. For simplicity, the amino acid levels in the hulls 
added back into the meal for restraining the protein percentage in meal were assumed to be 
zero. Also, it was assumed that there were no losses of amino acids during processing. This 
left the change in amino acid to be equal to the percentage change in protein value. These 
amino acid values of soybean meal samples were input to the Brill Feed Formulation (Brill, 
2002) to obtain variations in diet costs, which were then used to estimate price of the 
individual soybean samples. Brill is essentially a program that calculates least cost feed 
rations based upon user supplied ingredient data, including animal species specific feed and 
nutrient requirements. A least cost feed ration is a combination of different feed ingredients 
in proportions that result in a minimum cost of the diet, and still meet the nutrient 
specifications. Acomparison of this pricing system with other protein and oil based pricing 
systems revealed that amino acid based pricing system was more accurate and had an effect 
on essentially all soybean samples. Protein had flaws as a proxy for price signal transmission, 
since a wide variety of protein percentages were observed at equal diet costs. Lysine was a 
better measure of end-use value than protein for swine nutrition. 
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The SPROC-2 model, developed by Brumm and Hurburgh for simulating processing 
operations in a solvent extraction plant, was refined by Kundra (2004). The refined model 
(SPROC-3) added the features of determining amounts of amino acids and other components 
in the formulated meal, besides the oil and protein contents. Given the amino acid content of 
raw soybeans, the amino acid content of the resultant soybean meal can be predicted. Thus 
SPROC-3 can provide the information necessary to determine the end use value of soybeans 
based on amino acid content. 
Objectives 
The objective of this study was to develop and demonstrate a system to estimate the 
processed value of soybeans in term of feed. This was done by (i) analysis and interpretation 
of variations in two livestock feed rations with soybean meals of different amino acid 
composition; and, (ii) estimating a processed value of soybeans that includes oil components 
and then meal components as its end use as animal feed 
Materials and Method 
A model (SPROC-3) was developed for simulating the solvent extraction process 
(Kundra 2004). It was used for determining the chemical composition of meal formulated 
from different soybean samples. The ten soybean samples used for the present study were 
used by Kundra and Brumm (2004) for demonstrating SPROC-3, and by Brumm and 
Hurburgh (1990) for demonstrating SPROC-2. The amino acid composition of the ten 
samples was estimated by using the regression equations presented by Hurburgh (2002). The 
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amino acid composition data of soy meal generated by SPROC-3 for different soybean 
samples was used for formulating least cost swine and poultry diets, using Brill Feed 
Formulation software (Brill, 2002). 
Swine diets were developed in consultation an animal scientist specializing in swine 
production and nutrition (Brumm M., 2003). Poultry diets were made using the diet 
specifications used by Edmiston (Edmiston, 2002). These diets included a list of possible 
feed sources, including soybean meal, corn, animal fat, salt, and synthetic amino acids, 
among others. Table 1 lists the ingredient specifications used for formulating swine and 
poultry diets. It also displays the prices of the feed ingredients used for estimating the diet 
cost of feed rations. The prices of soybean meal and corn grain were taken from Chicago 
Board of Trade (CBOT, 2003) as of September 12, 2003. The prices of other ingredients 
were taken from Edmiston (2002). The ingredient specifications, other than soybean meal, 
came from National Research Council Nutrient Requirements book (National Research 
Council, 1998). Table 2 and 3 list the nutrient specifications used for formulating swine and 
poultry diets respectively. 
Variations in diet costs of rations formulated with different soybean meal samples 
were analyzed. In order to compare diet costs of feed rations for one animal species, with 
variations in chemical composition of different soybean meal samples, the same feed 
ingredients, other than soybean meal, were used for formulating diets. For establishing a 
relationship between amino acids in soybean meal and diet costs, the specifications for all 
the nutrients, other than amino acids, in soybean meal from ten samples were kept constant. 
These values were taken from nutrient specie cations for a typical soybean meal sample, as 
published in Feedstuffs (2003). Note that there was no protein specification for each soybean 
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meal in diets since diets were not formulated on the basis of protein. The variations in diet 
costs of rations were directly related to the relative amount of amino acids in individual meal 
samples. 
Variations in diet costs for rations formulated with different soybean meals were used 
to estimate a premium or discount for the ten soybean samples. This premium or discount, in 
$/bu was estimated for each soybean sample, by translating the variations in costs of rations 
back to a price, relative to a standard soybean meal. The standard meal was assumed to have 
the nutrient values of a typical soybean meal sample as published in Feedstuffs (2003). Note 
that the standard meal had 47.8% protein level. As such, meals from the ten samples were 
also formulated on the basis of 47.8 %protein levels. Diets for both poultry and swine were 
formulated using the standard soybean meal. For each animal species, the other nutrient and 
ingredient specifications for the standard diets were kept the same as for diets formulated 
using ten soybean meal samples. 
In order to assign a value to premium or discount, the following equation was used: 
* 1 PODi = (DCstd DCl )   MY 
Mi
where: POD; = premium or discount on the basis of amino acid 
composition of soybeans ($/bu) 
DCsta = diet cost of ration from standard soybean meal ($/ton) 
DC; = diet cost of ration from ir'' soybean meal sample ($/ton) 
M; = total amount of meal used in 1 ton of diet (lbs/ton) 
MY; = meal weight formulated from 1 bushel of soybeans (lbs/bu) 
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This equation is a modi~ ed form of the equation presented by Edmiston (2002), who used 
the term "(DC1 — DCsta)". The sign of the difference in standard and sample diet costs was 
reversed to make the positive deviation in cost represent a higher quality soybean. Thus, 
greater the positive deviation in diet costs, higher the end use value of soybeans. 
SPROC-3 was used to estimate the processed value of soybeans on the basis of meal 
and oil yields from the ten samples. NOPA trade specifications (NOPA, 1997) were 
accounted for, while estimating the processed values. Premiums on the basis of protein in 
excess of target levels were not considered in the study. The EPV can be calculated by 
associating the meal, oil and mill-run yields from solvent extraction process, to the market 
prices of the products (Brumm and Hurburgh, 1990). The following equation was used to 
estimate EPV: 
EPV = (Pm)(Wm)/2000 + (Po)(Wo) + ~Ph~~Whn)/2000 
A new system for estimating the end use value of soybeans was created by adding 
premiums and discounts, on the basis of feed value, to the EPV for each soybean sample. 
EPV accounted for the existing marketplace conditions. The new estimate of end-use value, 
FEPV or Feed Estimated Processed Value, is specific to a particular animal diet. FEPV is 
defined as: 
FEPVi = EPV + POD 
where: FEPVI = Feed Estimated Processed Value of soybeans for its end use as 
feed for "i" animal diets ($/bu) 
EPV = Estimated Processed Value of a soybean sample on basis of 
meal and oil yields, and NOPA trade specie cations ($/bu), and 
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POD = premium/discount estimated on basis of amino acid 
contents (S/bu) 
Results and Discussion 
Table 4 displays the end product yields and the Estimated Processed Values often 
samples, as generated by SPROC 3. The EPV values accounted for NOPA protein and fiber 
discounts. EPV values ranged from $6.51/bu to $7.03/bu. Lower relative proteins (below 
specified 47.5%) in meals from samples 1 and 2 resulted in NOPA discounts of $0.44/bu and 
$0.22/bu. 
Table 5 displays the summary of the swine diets formulated using the ten soybean 
samples relative to the standard meal. Diet costs ranged from $113.70/ton to $115.53/ton. 
For samples 3 through 7, the protein in meal was 47.8%, but variations in diet costs were 
observed. Thus, equal protein levels in meal gave different diet costs. 
The swine feed ration formulated using sample 3 meal was lower in cost than feed 
rations formulated using samples 4 through 8, despite relatively lower protein levels in 
soybean sample 3. This suggests that the diet cost from lower protein soybeans can be more 
than the diet cost from relatively higher protein soybeans. Also, for swine nutrition, 35.5% 
and 3 6.6% soybeans were found to be equivalent in terms of diet costs. 
Discounts and premiums (POD) on the basis of amino acid composition of meal are 
provided in Table 5. Relatively lower amino acid composition of meal samples 1 and 2 
resulted in discounts of $0.06/bu and $0.01 /bu respectively. The premium for meal from 
soybean sample 3 was higher than premium for meals from samples 4 to 8. This again 
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suggested that lower protein soybeans resulting in lower protein meals, can be more valuable 
to the swine feed formulator than higher protein soybeans. 
The Estimated Processed Values of soybeans in terms of feed for swine (FEPVswine) 
are also given in Table S. These values represent the end use of soybeans more significantly 
than the EPV values, since FEPVswine values account for the amino acid composition of 
soybeans, besides the protein, oil and fiber composition. FEPVswine values for end use of 
soybean as swine feed, ranged from $6.45/bu to $7.16/bu. Among samples from 1 through 
10, the FEPVswine of soybean sample 10 was the highest after accounting for composition, 
end product yields, meal trading rules and end use of meal as swine feed. 
Similar observations were made for feed rations for poultry. Table 6 displays the 
summary of poultry diets formulated using the ten samples. Diet costs ranged from 
$114.10/bu to $115.29/bu. Variations in diet costs of rations formulated with sample 3 
through 7 meals suggested that diet costs were independent of protein in meal. 
In spite of relatively lower protein levels in soybean sample 3, the poultry feed ration 
formulated using sample 3 meal was cheaper than feed rations formulated using samples 4 
through 9. This suggested that for poultry nutrition, meals formulated from relatively lower 
protein soybeans can be more profitable to livestock feeder, than meal from relatively higher 
protein soy eans. 
For samples 6, 7 and 8, in spite of deviations in diet costs from standard diet cost, 
there was no premium or discount. This suggested the fact that for these samples, the 
deviations in diet costs produced due to variations in amino acids in meal were nullified by 
the forces of greater or lesser meal yields, as affected by protein and fiber blending 
constraints. 
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FEPVpoulm, values for end use of soybean as poultry feed, ranged from $6.44/bu to 
$7.06/bu. Among samples from 1 through 10, the FEPVpoul~, of soybean sample 10 was 
again the highest, after accounting for composition, end product yields, meal trading rules 
and end use of meal as poultry feed. 
FEPv values of sample 10 soybeans as end use for both swine and poultry diets were 
found higher among the samples. This suggested that there exist soybean varieties that can be 
good for both poultry as well as swine nutrition. 
The diet cost for sample 3 was the lowest among poultry diets from samples 3 
through 9 and second lowest among swine diets. But the FEPVpoulm, value for sample 3 was 
lower than almost all other samples from 3 through 9. Thus, the soybean meal that results in 
the lowest diet cost, under the conditions of this study, did not result in the highest FEPV. 
This suggests that though a livestock feeder can profit by including sample 3 meal in feed 
rations, but the processor might not be able to capture this value of lower protein soybeans, 
based on existing market structure. A possible explanation of this observation could be that 
the value from lower protein soybeans disappears while formulating soy meal according to 
the protein and fiber specifications. And a possible way to capture this value of relatively low 
protein soybeans could be formulating meal on basis of amino acid composition, rather than 
protein composition. 
Summary and Conclusions 
Several conclusions can be drawn: 
1. The new system facilitates the estimation of processed value of soybeans for end use 
as feed for a specie c animal species. 
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2. Lower protein soybeans can generate meals which can formulate feed rations with 
lower diet costs, than meals from higher protein soybeans. In other words, lower 
protein soybeans can be more profitable to livestock feeders. 
3. A livestock feeder might profit by using meal from lower protein soybeans in feed 
rations, but a processor may not capture this value of lower protein soybeans. 
4. Greater or lesser meal yields for individual soybeans, as affected by protein and fiber 
blending constraints may restrict the processor to profit from the relatively higher 
amino acid levels in soybeans. Thus, formulating soybeans on the basis of amino acid 
content may allow the processor to capture the value of amino acids, especially for 
lower protein soybeans. 
The method devised in this study for estimating the end use value soybeans, is more 
accurate than other systems, since it considers the overall composition of soybeans in the 
context of its final end-use. It predicts the end-use of soybeans on the basis of amino acids as 
well as protein, oil and fiber and amino acid contents. 
This study only examined ten soybean samples typical of the range of protein and oil 
composition. Examination of more samples should be done to verify these conclusions. 
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Table 1. Ingredient specifications for swinea and poultrya diets used in the study 
Ingredient 
Percentage in total 
Cost diet (%) 
($/1001b) Min Max 
Swine 
Corn grain, Ground 3.83 
Soybean meal 10.58 
Lysine 92.00 a 0.200 
Limestone 1.20 a 
Salt 2.00 a 
Swine vitamin-trace mineral premix 200.00a 0.200 0.200 
Swine vitamin premix 50.00 a 0.100 0.100 
Dicalcium Phosphate 12.68a 
Poultry 
Corn grain, Ground 3.83 
Soybean meal 10.58 
Meat &Bone Meal — 50% 9.85 b 3.000 3.000 
Methionine - 99% 109.00b 0.200 
BMD 75 334.00 b 0.025 0.025 
Animal Fat, Hydrolized 10.50 b
Dicalcium Phosphate 12.68 b
a Source: Brumm, M. (2003) 
b Source: Edmiston (2002) 
Source: CBOT, 2003 
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Table 2: Nutrient specifications for swine dietsa used in the study 
Nutrient Units Minimum Maximum 
Metabolizable Energy 
Calcium /Phosphorus 
Calcium 
Chlorine 
Phosphorus 
Sodium 
Sulfur 
Lysine 
Arginine 
Histidine 
Isoleucine 
Leucine 
Methionine 
Methionine +Cystine 
Phenylalanine 
Phenylalan 
Threonine 
Tryptophan 
Valine 
M ca I/I b 
Ratio 
p/O b 
p/O b 
p/O b 
p/O b 
p/O b 
p/O b 
p/0 b 
p/O b 
p/O b 
p/O b 
b 
p/O b 
p/O b 
p/O b 
p/O b 
p/O b 
p/O b 
1.48 
1.50 
0.03 
0.29 
0.23 
0.23 
0.83 
0.33 
0.26 
0.45 
0.83 
0.22 
0.47 
0.49 
0.78 
0.52 
0.15 
0.56 
2.00 
0.65 
a Source: Brumm, M. (2003) 
b Dry matter basis 
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Table 3: Nutrient specifications for poultry dietsa used in the study 
Nutrient Units Minimum Maximum 
Metabolizable Energy 
Calcium 
Chlorine 
Sodium 
Iron 
Arginine 
Histidine 
Isoleucine 
Leuchine 
Methionine +Cystine 
Phenylalanine 
Phenylalanine +Tyrosin 
Threonine 
Tryptophan 
Valine 
Mcal/Ib 
p/O b 
p/O b 
p/O b 
ppm 
p/0 b 
p/o b 
p/O b 
p/o b 
b 
p/0 b 
p/0 b 
p/O b 
p/O b 
p/O b 
1.39 1.41 
0.90 0.95 
0.15 
0.15 0.20 
80.00 
1.10 
0.32 
0.73 
1.09 
0.72 
0.65 
1.22 
0.74 
0.18 
0.82 
a Source: Edmiston (2002) 
b Dry matter basis 
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Table 4. End product yields and EPV values for ten samples as generated by SPROC-3 a. 
End product yields per bushel of 
soybean 
Raw soybeans b Soybean meal 
NOPA 
Sample Protein Oil Meal Protein Oil Net hulls EPV discounts 
~p (%) (%) (Ibs/bu) (%) (Ibs) (Ibs/bu) ($/bu) ($/bu) 
1 31.6 20.1 40.24 45.4 11.58 5.94 6.51 0.44 
2 33.1 18.9 41.06 46.6 10.85 5.94 6.66 0.22 
3 33.9 19.0 41.08 47.8 10.91 5.84 6.88 0.00 
4 34.6 18.1 42.05 47.8 10.37 5.49 6.86 0.00 
5 34.8 19.1 42.61 47.8 10.97 4.24 7.03 0.00 
6 35.5 18.2 43.58 47.8 10.43 3.89 7.00 0.00 
7 35.5 17.7 43.46 47.8 10.12 4.35 6.93 0.00 
8 36.6 17.5 44.92 48.1 10.00 3.05 7.03 0.00 
9 38.0 16.6 45.61 49.2 9.46 2.98 6.98 0.00 
10 38.4 17.4 44.99 50.4 9.94 3.04 7.02 0.00 
a Target meal protein of 47.8% with NOPA trading rules applied b Basis 13% moisture 
Basis 12% moisture 
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Table 5. Summary of swine diets formulated from the ten soybean samples 
Meal 
p rote i n 
Sample ID (%)a
Diet Cost Meal in total POD 
EPV ($/bu) b ($/ton) ̀  diet (Ibs/ton) ~ ($/bu) 
FEPV 
($/bu) d 
1 45.4 6.51 114.59 412.64 -0.06 6.45 
2 46.6 6.66 114.12 405.73 -0.01 6.65 
3 47.8 6.88 113.56 397.50 0.05 6.93 
4 47.8 6.86 113.70 399.48 0.03 6.89 
5 47.8 7.03 113.68 399.28 0.04 7.07 
6 47.8 7.00 113.81 401.14 0.02 7.02 
7 47.8 6.93 113.83 401.46 0.02 6.95 
8 48.1 7.03 113.81 401.17 0.02 7.05 
9 49.2 6.98 113.38 394.83 0.07 7.05 
10 50.4 7.02 112.77 385.73 0.15 7.17 
Standard 
meal Sample 47.8 114.02 404.30 
a Basis 12% moisture b Estimated by using SPROC 3 
Estimated by using Brill Feed Formulation (Brill, 2002) d FEPV =EPV +POD 
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Table 6. Summary of poultry diets formulated from ten samples 
Sample ID 
Meal 
protein 
(
% )a 
EPV Diet Cost 
($/bu) b ($/ton) 
Meal in 
total diet 
(Ibs/ton) 
POD 
($/bu) 
FEPV 
($/bu) d
1 45.4 6.51 115.29 459.29 -0.07 6.44 
2 46.6 6.66 114.86 452.97 -0.04 6.62 
3 47.8 6.88 114.14 442.32 0.03 6.91 
4 47.8 6.86 114.28 443.97 0.02 6.88 
5 47.8 7.03 114.28 443.85 0.02 7.05 
6 47.8 7.00 114.44 446.53 0.00 7.00 
7 47.8 6.93 114.48 446.90 0.00 6.93 
8 48.1 7.03 114.51 447.12 0.00 7.03 
9 49.2 6.98 114.16 442.25 0.03 7.01 
10 50.4 7.02 114.10 442.51 0.04 7.06 
Standard 
Sample 47.8 114.46 440.83 
a Basis 12% moisture 
b Estimated by using SPROC 3 
Estimated by using Brill Feed Formulation (Brill, 2002) 
d FEPV =EPV +POD 
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GENERAL CONCLUSIONS 
End-use value of soybeans is an economic issue where value, price and quality are 
continually being balanced by the buyer. Every processor and feed formulator looks for that 
source of soybeans where the value derived from the products minus the cost of raw 
materials and processing will generate the greatest profit. There is a natural conflict between 
buyers and sellers, each seeking to maximize their profit through advantages in price and 
quality negotiations. An accurate description of end-use value and its relation to soybean 
quality enables buyers and sellers to communicate their preferences and to use market prices 
to allocate each quality into its highest valued use. With quality of soybeans described in 
terms of end-use value for a specific purpose, the end users should be able to make good 
economic decisions when buying soybean products. 
Under the conditions of this study, amino acids (important for swine and poultry 
diets), as a percentage of protein, were more concentrated in meals with lower protein 
percentages than higher protein soybeans. Lower protein soybeans can generate meals which 
can formulate feed rations with lower diet costs, than meals from higher protein soybeans. In 
other words, lower protein soybeans can be more profitable to livestock feeders. But under 
the existing conditions of formulating meal on protein basis, a processor may not capture this 
value of lower protein soybeans. 
Areas for future research 
Due to the current costs involved with the methods for analyzing the amino acid 
composition of soybeans, pricing soybeans on the basis of amino acid composition is likely 
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several years away. But with future improvements in technology, the costs should decrease 
and such a pricing system may become reasonable. 
A logical result of improvement in technology is genetically tailored soybeans that 
can provide very specific amounts of dietary requirements which vary from animal species to 
the next. As a result, soybeans will probably be adjusted to provide different dietary needs to 
different animals throughout the different stages of their life. Chickens in the beginning of 
their life cycle will not consume the same soybean varieties as hogs in beginning of their life 
cycle, or even the chickens in the middle of their life cycles. In face of such technological 
improvements, amino acid pricing system will only become more valuable. 
In this study, premiums for meal protein in excess of target levels were not 
considered. In future research, the effect of premiums for excess protein levels on the end 
processed value of soybeans could be explored. Also, more number of soybean samples 
should be used in the future to explore the possibility of having soybeans with the same 
protein and oil levels, but significantly different amino acid composition, as the ten samples 
used in the study. 
The most significant research that still remains to be done is the formulation of 
soybean meal on the basis of animal species specific amino acid levels, rather than protein 
levels. In the light of the research findings that lower protein soybeans may have relatively 
higher concentration of amino acid levels, formulating soybean meal from such a soybean 
variety on the basis of lysine contents, for instance, might enable the processor to capture 
value of amino acids. A study of this nature will further define a set of all new research 
possibilities and objectives, like determination of levels of amino acids to formulate the soy 
meal to, and establishing a soy meal pricing structure on the basis of amino acids. 
57 
APPENDIX 
SWINE AND POULTRY DIETS 
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